The strapdown gravimetry system uses the combination of an Inertial Measuring Unit (IMU) and a Global Navigation Satellite System (GNSS) to measure the Earth's gravity field. Due to limited accuracies of IMU and GNSS, early strapdown gravimetry systems were more often used in airborne surveys, but less used in marine surveys. We developed a strapdown inertial navigation system (SINS), the Sea-Air Gravimeter-2Marine (SAG-2M), using novel IMU components, whose accuracy was further improved with the application of Precise Point Positioning (PPP) and enhanced algorithm, making it possible to be used in marine gravity survey. The testing results of the SAG-2M were compared to those of the Lacoste and Romberg S-129 gravimeter on the same ship in the South China Sea basin. The cruise lasted for 50 days, during which 134 effective gravity profiles were measured, resulting in 174 crossover points. The results showed that, for the SAG-2M, the root mean square (RMS) crossover points were 1.35 mGal before difference adjustment and 0.69 mGal after difference adjustment; for the S-129 gravimeter, they were 5.62 mGal and 0.95 mGal, correspondingly. In calm sea conditions, the results of the two systems were relatively consistent at all wavelengths. However, in rough sea conditions, since the SAG-2M was not affected by the cross-coupling effect, its data demonstrated less high-frequency jump. A physical platform adopted in SAG-2M can further make the transition data effective when the ship is turning around. Therefore, SAG-2M was able to improve the proportion of valid data and the efficiency of data post-processing for measurements taken during the cruise. The testing results indicate that in terms of accuracy and efficiency in the marine gravity survey, SAG-2M is better than S-129. In addition, as the miniaturization and precision of inertial components are developing continuously, SAG-2M also shows great potential in miniaturization.
Introduction
The marine gravity survey is an important tool in the fields of geodesy, geodynamics and marine science. The development of traditional marine gravimeters over nearly a hundred years has gone through three stages: pendulum-apparatus type, pendulum-rod type and axisymmetric type.
At present, shipborne gravimetry is still the most important gravity measurement method in the ocean, especially in the deep-sea gravimetry. Unlike airborne gravimetry, shipborne marine gravimetry requires long-term continuous observation, which puts higher requirements on the long-term stability and the matching processing algorithm of the IMU sensors. Previously, due to technical limitations such as the drift of inertial components and the matching between DGPS and IMU, DGPS/IMU combined gravimetry systems were mostly used for airborne gravimetry, while their application in shipborne marine gravimetry was almost blank. With the development in the processing technology, the accuracy, cost control and miniaturization of the inertial components have all been significantly improved. The integration of a DGPS/IMU measuring device is considered a complement to the strapdown gravimeter, as its demonstrated long-term stability compensates for the lack of stability of the IMU in long-wavelength gravity anomaly measurements. Additionally, the application and the enhanced algorithm of Precise Point Positioning (PPP) further improves the accuracy of the strapdown gravimetry system. All of these have made it possible to use SINS in marine surveys.
This paper compared the long-term results of Sea-Air Gravimeter-2Marine (SAG-2M), a strapdown gravimeter based on DGPS and novel IMU components, with those of the traditional L and R marine gravimeter S-129 on the same ship. The post-processed data comparison and analysis results indicated that the accuracy of the SAG-2M gravimetry system was higher than S-129, and completely satisfied the current requirements of marine gravimetry. In addition, the SAG-2M gravimetry system demonstrated advantages of small size, low cost, small power consumption, high reliability and easy operation, and therefore showed broad application prospects in marine gravimetry.
Strapdown Gravimeter Measurement Principle
Based on Newton's second law, the strapdown marine gravimeter obtains gravity acceleration and carrier attitude information through triaxial accelerometers and gyroscopes, and then realizes gravity anomaly extraction via strapdown calculation. The gravimetry mathematical model of the strapdown gravimeter is constructed based on the specific force equation of the inertial navigation system [16] :
where ω n ie is the angular velocity of the Earth's rotation, ω n en is the angular velocity of the rotation of the carrier coordinate system relative to the geographic coordinate system, v n and . v n are the carrier's velocity and acceleration, respectively, and g n is the actual gravity value at the carrier's location. The expression of the vertical gravity component can be obtained by expanding Formula (1) [9, 17] :
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where f U is the upward specific force, L is the latitude of the carrier's location, R M and R N denote the meridian radius and the prime vertical radius at the point on the reference ellipsoid obtained by orthogonal projection of the measuring point in the direction of the ellipsoid normal, respectively, h is the height, and v E and v N are the eastbound and northbound speed of the carrier, respectively. The gravity acceleration value in Formula (2) can be expressed as the sum of the normal gravity values and all disturbances, which then obtains the basic model of gravimetry:
where γ 0 is the normal gravity value, and δg is the gravity disturbance. According to the specific force equation of the inertial navigation system, the gravity anomaly calculation formula of the strapdown gravimeter is: where
; the accuracy of the first term f U depends on the attitude of the inertial navigation and the measurement accuracy of the accelerometer; the third term is the corrected motion vertical acceleration. In marine gravimetry, short-period changes in the ship's height due to ocean waves can be eliminated by digital low-pass filter processing. Consequently, the vertical motion acceleration error can be ignored. γ 0 should be corrected.
Therefore, the accuracy of the gravity anomaly extraction depends on the vertical component f U of the specific force f n . We then have:
where f b is the axial specific force of the carrier sensitive to the accelerometer, and C n b is the attitude matrix of the carrier coordinate system relative to the local geographic coordinate system. Formula (5) indicates that the calculation accuracy of f U mainly relies on the measurement accuracies of the attitude matrix of the carrier and the specific force in the carrier coordinate system during navigation.
The random error of the gyroscope and the accelerometer in the strapdown gravimeter drifts over time, which then affects the attitude matrix accuracy and the specific force measurement accuracy of the system. In order to obtain high-accuracy gravity anomaly information, it is necessary to consider the influence of inertial instrument error on the system result. Therefore, a combined navigation approach is adopted to correct for the attitude error caused by the drift of the inertial instrument. The corrected attitude matrix is then used to calculate the vertical specific force information.
Measurement Process
Between 30 October 2014 and 18 December 2014, measurements comparing the traditional spring L and R gravimeter and the SAG-2M strapdown marine gravimetry system on the same ship were carried out on the 4500-ton Xiangyanghong No. 10 Comprehensive Scientific Research Vessel (Figure 1 ) in the South China Sea. The survey used the Air-Sea Gravity System II marine gravimetry system produced by LaCoste and Romberg, USA. The serial number of the system was S-129 ( Figure 2 ). The main performance indicators of the system are listed in Table 1 .
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Between 30 October 2014 and 18 December 2014, measurements comparing the traditional spring L and R gravimeter and the SAG-2M strapdown marine gravimetry system on the same ship were carried out on the 4500-ton Xiangyanghong No. 10 Comprehensive Scientific Research Vessel (Figure 1 ) in the South China Sea. The survey used the Air-Sea Gravity System II marine gravimetry system produced by LaCoste and Romberg, USA. The serial number of the system was S-129 ( Figure 2 ). The main performance indicators of the system are listed in Table 1 . The strapdown gravimeter surveyed was the Strapdown Sea-air Gravimeter SAG-2M ( Figure 3 ) designed and manufactured by Beijing Institute of Aerospace Control Devices. The SAG-2M uses a gyroscope with a drift accuracy of 0.01°/h and an accelerometer with a measurement accuracy of 10 −6 g. Some product parameters of the strapdown gravimeter are listed in Table 2 . In order to meet the marine gravimetry requirements, the gravimeter was enhanced adaptively by carefully choosing the materials of critical components, improving the magnetic circuit design, and optimizing the process among other measures, so that the long-term stability of the parameters was improved, and the gravity sensors met the expected index requirements. The strapdown gravimeter surveyed was the Strapdown Sea-air Gravimeter SAG-2M ( Figure 3 ) designed and manufactured by Beijing Institute of Aerospace Control Devices. The SAG-2M uses a gyroscope with a drift accuracy of 0.01 • /h and an accelerometer with a measurement accuracy of 10 −6 g. Some product parameters of the strapdown gravimeter are listed in Table 2 . In order to meet the marine gravimetry requirements, the gravimeter was enhanced adaptively by carefully choosing the materials of critical components, improving the magnetic circuit design, and optimizing the process among other measures, so that the long-term stability of the parameters was improved, and the gravity sensors met the expected index requirements. The strapdown gravimeter surveyed was the Strapdown Sea-air Gravimeter SAG-2M ( Figure 3 ) designed and manufactured by Beijing Institute of Aerospace Control Devices. The SAG-2M uses a gyroscope with a drift accuracy of 0.01°/h and an accelerometer with a measurement accuracy of 10 −6 g. Some product parameters of the strapdown gravimeter are listed in Table 2 . In order to meet the marine gravimetry requirements, the gravimeter was enhanced adaptively by carefully choosing the materials of critical components, improving the magnetic circuit design, and optimizing the process among other measures, so that the long-term stability of the parameters was improved, and the gravity sensors met the expected index requirements. The survey lasted 50 days at an average sailing speed of 10 knots. We completed 134 effective gravity profiles with a total distance of 14,400 km ( Figure 4 ). The two systems were placed at the same level in the same laboratory and located on both sides of the ship's central axis. During the 50 days of gravity survey, the sea condition was generally good except for 8 days when the sea condition was harsh (level 6) due to the influence of typhoon. The sampling rates of L and R, SAG-2M and DGPS were all set at 1 Hz. The survey lasted 50 days at an average sailing speed of 10 knots. We completed 134 effective gravity profiles with a total distance of 14,400 km ( Figure 4 ). The two systems were placed at the same level in the same laboratory and located on both sides of the ship's central axis. During the 50 days of gravity survey, the sea condition was generally good except for 8 days when the sea condition was harsh (level 6) due to the influence of typhoon. The sampling rates of L and R, SAG-2M and DGPS were all set at 1 Hz. 
Data Processing
During the survey, both the S-129 and the SAG-2M systems continuously functioned for 50 days without any faults. After profile division, we obtained 134 profiles, resulting in 174 crossover points. 
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S-129 Gravity Data Processing Flow
The gravity data of S-129 were processed according to traditional marine gravity data processing flow, which mainly includes the following steps: (1) establish a data processing model; (2) apply zero drift correction; (3) apply draught correction; (4) apply Eotvos correction; (5) calculate normal gravity; (6) measure the absolute gravity value of the point average sea surface; and (7) calculate spatial gravity anomaly.
SAG-2M Data Processing Flow
The strapdown gravimeter was mounted to the measuring carrier such that the measuring axis coordinate system was parallel to the carrier coordinate system. The high-accuracy quartz accelerometer and the optical gyroscope mounted along the measuring axis were used to acquire the upward specific force (the sum of conservative and non-conservative forces) information and the angular motion information of the three axes of the carrier. The GNSS PPP/INS navigation system [18] was adopted to provide a high-accuracy mathematical stabilizing platform to the gravity sensors. The vertical component of the specific force information was obtained by calculating the attitude projection, which was then subtracted by the vertical motion acceleration estimated by PPP (or DGPS) to calculate the difference. Following that, the gravity anomaly extraction on the track was achieved by the combining filter and the correction algorithm, and finally the scalar gravity information on the surveyed track was obtained.
The strapdown gravimeter data processing flow is divided into the following 5 steps, as shown in Figure 5: 1.
Calculate the attitude, speed and position information of the carrier at the current moment based on the angular velocity and the linear acceleration of the carrier at the current moment measured by the inertial instrument; 2.
Perform combined navigation based on the carrier speed and position information provided by PPP (or DGPS) to correct for the inertial attitude error; 3.
Use the corrected attitude matrix to project the specific force information to the local geographic coordinate system, so as to obtain the corrected vertical component of the specific force; 4.
Calculate the Eotvos correction item and the normal gravity value of the carrier based on the speed and position information provided by PPP (or DGPS); 5.
Design a low-pass filter based on the noise characteristics to eliminate the measurement noise, so as to obtain the gravity anomaly information.
The inertial system error state equation used in the Kalman filter in Figure 5 can be expressed as [19] :
Considering the amount of calculation performed by the filter, the state vectors used can be simplified as appropriate. Using the system state vector X = (δL δλ δv
T as an example, where ϕ E , ϕ N and ϕ U are the eastbound, the northbound and the upward attitude error angles, respectively, and ∇ ax , ∇ ay , ∇ az , ε gx , ε gy , and ε gz are the drift errors of the accelerometer and the gyro in the x, y and z direction, respectively. F is a 13 × 13 square matrix, G is a 13 × 6 matrix, and W is the noise matrix. The system observation formula is:
If we take the difference between the speed derived from the inertial instrument and the speed calculated by PPP (or DGPS) as the observation value, then
V is the observation white noise. In the observation matrix H, except for H(1, 3) and H(2, 4) whose values are 1, the remaining elements have a value of 0.
Sensors Unlike traditional spring sea-air gravimeters, the strapdown gravimeter directly measures the specific force information of the carrier system and the angular motion information of the carrier. Therefore, during measurement, the requirements on the motion condition of the carrier are less strict. In addition, when processing gravity data, the strapdown gravimeter does not have to go through the time-and energy-consuming profile division step like the traditional spring gravimeters do. Therefore, it not only improves efficiency but also increases the ratio of valid measurement data, as the data measured when the carrier is turning are also effective.
Survey Data Comparison
According to the free-air anomalies (FAA) calculation Formula (4) and formula
g is absolute gravity, 0 γ is normal gravity. We calculated the FAA of SAG-2M and S-129. Figure 6a ,b compare the data collected under normal conditions. The two systems demonstrate a consistent general trend and have their own advantages at the specific resolution. With the same filtering, S-129 shows a better 1 km resolution than SAG-2M, but SAG-2M shows a better 1.5 km resolution. Both the SAG-2M and the S-129 systems can achieve a resolution higher than 1 km and an accuracy higher than 1 mGal with 180 s filtering. Unlike traditional spring sea-air gravimeters, the strapdown gravimeter directly measures the specific force information of the carrier system and the angular motion information of the carrier. Therefore, during measurement, the requirements on the motion condition of the carrier are less strict. In addition, when processing gravity data, the strapdown gravimeter does not have to go through the time-and energy-consuming profile division step like the traditional spring gravimeters do. Therefore, it not only improves efficiency but also increases the ratio of valid measurement data, as the data measured when the carrier is turning are also effective.
According to the free-air anomalies (FAA) calculation Formula (4) and formula ∆g F = g − γ 0 , g is absolute gravity, γ 0 is normal gravity. We calculated the FAA of SAG-2M and S-129. Figure 6a ,b compare the data collected under normal conditions. The two systems demonstrate a consistent general trend and have their own advantages at the specific resolution. With the same filtering, S-129 shows a better 1 km resolution than SAG-2M, but SAG-2M shows a better 1.5 km resolution. Both the SAG-2M and the S-129 systems can achieve a resolution higher than 1 km and an accuracy higher than 1 mGal with 180 s filtering. Figure 6c,d show data collected on 18 November and 7 December. It is noted from the figures that the data quality of S-129 is far worse than that of SAG-2M. In Figure 7c S-129 demonstrates a strong noise with a period of 6 min, while in Figure 6d S-129 demonstrates a strong high-frequency noise. Alternatively, the data acquired by SAG-2M are stable and show a smooth trend, the quality of which are not too different from that displayed in Figure 6a ,b. This is because the sea condition was relatively poor in these two measurement periods. The S-129 platform is easily influenced by the motion state of the carrier, resulting in a strong cross-coupling effect that affects the data acquisition accuracy, whereas the SAG-2M adopts a physical platform and therefore presents no cross-coupling effect. Consequently, compared to traditional platform gravimeters, SAG-2M is more adaptable to the environment.
To obtain an overall evaluation of the S-129 and the SAG-2M data, the average difference and the standard deviation of the profiles of S-129 and SAG-2M before and after difference adjustment, as well as the average difference and the standard deviations of the differences between the gravity anomaly data of S-129 and SAG-2M, are calculated. Before adjustment, the average difference between the overall FAA of S-129 and SAG-2M is 7.5 mGal, and the standard deviation is 1.5 mGal; the average difference displays a linear increase trend, as shown in Figure 7a . A certain linear relationship between the average difference and the standard deviation is observed, as shown in Figure 8a . After difference adjustment, the average difference is 9.2 mGal, and the standard deviation is 1.4 mGal. No correlation is observed between the average difference and the standard deviation, as shown in Figure 8b . The results indicate that the linear correlation is caused by a semi-systematic error. Alternatively, the data acquired by SAG-2M are stable and show a smooth trend, the quality of which are not too different from that displayed in Figure 6a ,b. This is because the sea condition was relatively poor in these two measurement periods. The S-129 platform is easily influenced by the motion state of the carrier, resulting in a strong cross-coupling effect that affects the data acquisition accuracy, whereas the SAG-2M adopts a physical platform and therefore presents no cross-coupling effect. Consequently, compared to traditional platform gravimeters, SAG-2M is more adaptable to the environment.
To obtain an overall evaluation of the S-129 and the SAG-2M data, the average difference and the standard deviation of the profiles of S-129 and SAG-2M before and after difference adjustment, as well as the average difference and the standard deviations of the differences between the gravity anomaly data of S-129 and SAG-2M, are calculated. Before adjustment, the average difference between the overall FAA of S-129 and SAG-2M is 7.5 mGal, and the standard deviation is 1.5 mGal; the average difference displays a linear increase trend, as shown in Figure 7a . A certain linear relationship between the average difference and the standard deviation is observed, as shown in Figure 8a . After difference adjustment, the average difference is 9.2 mGal, and the standard deviation is 1.4 mGal. No correlation is observed between the average difference and the standard deviation, as shown in Figure 8b Comparison analysis of the raw data shows that this semi-systematic error is caused by gravimeter drift. The drift of the S-129 spring gravimeter during the entire cruise is 4.94 mGal. However, the SAG-2M gravity survey drift is a random error that exhibits a strong linear correlation, which can be decreased during long-term measurement. Therefore, it is concluded that the cause of the phenomenon observed in Figures 7a and 8a is the drift of the two gravimeters, and that the impact of S-129 drift is larger than that of SAG-2M.
In the average difference statistics chart, the difference between the two systems is larger during the periods of 16 November to 23 November, and1 December to 8 December, whose corresponding sea condition is relatively poor. During these periods, the data quality of S-129 is affected by the sea condition and has a higher fluctuation, resulting in a large difference between the two systems. This is also reflected in the profile comparisons shown in Figure 6c ,d. Figure 9 shows the gravity anomaly maps of the survey area acquired by SAG-2M and S-129. The source data of Figure 9a is all the data collected by the SAG-2M gravimeter in the survey area, including those acquired when the ship is turning or parked. Figure 9b ,c show the resultant gravity anomaly maps of SAG-2M and S-129, respectively, post traditional spring marine gravimeter profile division processing, with profiles shown in Figure 2 . Comparison analysis of the raw data shows that this semi-systematic error is caused by gravimeter drift. The drift of the S-129 spring gravimeter during the entire cruise is 4.94 mGal. However, the SAG-2M gravity survey drift is a random error that exhibits a strong linear correlation, which can be decreased during long-term measurement. Therefore, it is concluded that the cause of the phenomenon observed in Figures 7a and 8a is the drift of the two gravimeters, and that the impact of S-129 drift is larger than that of SAG-2M.
In the average difference statistics chart, the difference between the two systems is larger during the periods of 16 November to 23 November, and1 December to 8 December, whose corresponding sea condition is relatively poor. During these periods, the data quality of S-129 is affected by the sea condition and has a higher fluctuation, resulting in a large difference between the two systems. This is also reflected in the profile comparisons shown in Figure 6c ,d. Figure 9 shows the gravity anomaly maps of the survey area acquired by SAG-2M and S-129. The source data of Figure 9a is all the data collected by the SAG-2M gravimeter in the survey area, including those acquired when the ship is turning or parked. Figure 9b ,c show the resultant gravity anomaly maps of SAG-2M and S-129, respectively, post traditional spring marine gravimeter profile division processing, with profiles shown in Figure 2 . Comparison analysis of the raw data shows that this semi-systematic error is caused by gravimeter drift. The drift of the S-129 spring gravimeter during the entire cruise is 4.94 mGal. However, the SAG-2M gravity survey drift is a random error that exhibits a strong linear correlation, which can be decreased during long-term measurement. Therefore, it is concluded that the cause of the phenomenon observed in Figures 7 and 8 is the drift of the two gravimeters, and that the impact of S-129 drift is larger than that of SAG-2M.
In the average difference statistics chart, the difference between the two systems is larger during the periods of 16 November to 23 November, and1 December to 8 December, whose corresponding sea condition is relatively poor. During these periods, the data quality of S-129 is affected by the sea condition and has a higher fluctuation, resulting in a large difference between the two systems. This is also reflected in the profile comparisons shown in Figure 6c ,d. Figure 9 shows the gravity anomaly maps of the survey area acquired by SAG-2M and S-129. The source data of Figure 9a is all the data collected by the SAG-2M gravimeter in the survey area, including those acquired when the ship is turning or parked. All three sets of data are applied with the same interpolation method, and are not fine-filtered or smoothed. By comparing numerical and spectral analysis, in Figure 9b ,c, the overall resolution of the data in Figure 9b is higher than that of the S-129; particularly in areas near the island reef where the gravity value changes sharply, Figure 9b contains more details. In the box outlined in Figure 9c , where the profile corresponds to the data shown in Figure 6c , because the sea condition is poor, cross coupling has a larger influence on the data quality compared to the corresponding area in Figure 9b . Therefore, difference in the data quality can be clearly observed. When comparing Figure 9a ,b, Figure 9a shows a higher resolution, especially in the northern part of the survey area. This is because the adoption of a physical platform by SAG-2M makes it unnecessary to perform profile division in data processing. Therefore, the gravity data acquired when the carrier is turning are also effective. Comparing Figure 9a with the profiles in Figure 2 , it is noted that SAG-2M acquires more effective data than S-129. Consequently, SAG-2M has a unique advantage in data processing and acquisition, and can greatly improve the efficiency of gravity surveys in the future.
The data of L and R S-129 sea-air gravimeter has 174 crossover points, whose average difference and root mean square (RMS) are 4.94 mGal and 5.62 mGal before difference adjustment, respectively, 1.34 mGal and 0.95 mGal after difference adjustment. The data of SAG-2M's average difference and RMS are 1.94 mGal and 1.35 mGal before difference adjustment, respectively, 0.74 mGal and 0.69 mGal after difference adjustment.
The comparison results of the crossover points of the S-129 and the SAG-2M gravimetry system are shown in Figure 10 . The crossover-point errors of both systems are normally distributed, but the crossover-point error of SAG-2M is more concentrated, indicating that the SAG-2M system has a higher overall measurement accuracy than the S-129 marine gravimeter. All three sets of data are applied with the same interpolation method, and are not fine-filtered or smoothed. By comparing numerical and spectral analysis, in Figure 9b ,c, the overall resolution of the data in Figure 9b is higher than that of the S-129; particularly in areas near the island reef where the gravity value changes sharply, Figure 9b contains more details. In the box outlined in Figure 9c , where the profile corresponds to the data shown in Figure 6c , because the sea condition is poor, cross coupling has a larger influence on the data quality compared to the corresponding area in Figure 9b . Therefore, difference in the data quality can be clearly observed. When comparing Figure 9a ,b, Figure 9a shows a higher resolution, especially in the northern part of the survey area. This is because the adoption of a physical platform by SAG-2M makes it unnecessary to perform profile division in data processing. Therefore, the gravity data acquired when the carrier is turning are also effective. Comparing Figure 9a with the profiles in Figure 2 , it is noted that SAG-2M acquires more effective data than S-129. Consequently, SAG-2M has a unique advantage in data processing and acquisition, and can greatly improve the efficiency of gravity surveys in the future.
The comparison results of the crossover points of the S-129 and the SAG-2M gravimetry system are shown in Figure 10 . The crossover-point errors of both systems are normally distributed, but the crossover-point error of SAG-2M is more concentrated, indicating that the SAG-2M system has a higher overall measurement accuracy than the S-129 marine gravimeter. 
Conclusions and Outlook
In this paper, by processing and analyzing the gravity data acquired by the novel strapdown gravimeter SAG-2M and the traditional spring gravimeter S-129 on the same ship, the performance of the SAG-2M gravimeter under the same working conditions was evaluated.
The SAG-2M adopted new IMU components and combined PPP (DGPS) data to improve the calculation algorithm, thereby solving the problems of long-term instability of IMU components and poor long-wavelength accuracy. In terms of data processing, the SAG-2M directly enhanced the accuracy in calculating the vertical acceleration of the carrier through introducing PPP to improving the accuracy of navigation data, thereby leading to an increased gravity survey accuracy. Compared to traditional spring gravimeters, the strapdown gravimeter SAG-2M has the following advantages:
1. The system has a smaller weight and size, a lower power consumption and a simpler structure, and is therefore more adaptable to the working environment; 2. The system has a higher accuracy and stability, and presents a stable linear drift that can be effectively eliminated by digital correction; 3. The acquired data are more accurate, the processing is simpler, and the measurement is more efficient; and 4. The average difference and the standard deviation of the gravity data acquired by the SAG-2M strapdown inertial gravimeter after difference adjustment are 0.74 mGal and 0.69 mGal, respectively, which are better than those of 1.34 mGal and 0.95 mGal of the S-129 gravimeter.
Therefore, the strapdown gravimeter SAG-2M with its many advantages can fully satisfy the requirements of marine gravity survey and as such provides an alternative option to it.
Besides the above advantages, the strapdown gravimeter also presents great potential. With further human exploration of the ocean, the research scale will be more refined and the data quality requirements will be higher. Therefore, the marine gravity survey will be developed towards deep sea and near bottom surveys, which is more demanding on the size and power consumption of marine gravimeters. After decades of development, traditional gravimeters have limited potential in improvement in miniaturization, and therefore cannot satisfy the size and power consumption requirements of future deep-diving devices and autonomous underwater vehicles (AUVs). Alternatively, free from the traditional gravimetry platform, strapdown inertial gravimeters such as SAG-2M are simpler in structure, and the inertial components have more substantial potential in miniaturization and reducing energy consumption when compared to the spring components. 
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